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EXECUTIVE SUMMARY 

 
The Natural Energy Lab of Hawaii Authority is a state agency that operates an 
ocean science and Technology Park at Kailua-Kona on the Island of Hawaii 
focused on research, education, and commercial activities that support 
sustainable industry development in Hawaii. Near shore marine resources in this 
area (Keahole Point) have been long been recognized as very abundant and 
diverse, especially the near shore fish community. After the building of NELHA, 
which included infrastructure on the reef, a comprehensive monitoring program 
was commenced to ensure the long term health and protection of marine 
systems in the area.  This monitoring program includes water quality, anchialine 
shrimp ponds, benthic communities and near shore fish communities. 
  
Since 1989 a series of more than 30 surveys has been conducted and extensive 
reports have been prepared.  Results, summaries and references for these 
reports can be found throughout this report which presents the results of the 
2012 survey. 
 
The anchialine ponds in the vicinity of the NELHA facility form northern and 
southern complexes consisting of five ponds in the North group and nine in the 
South group. A faunal census of each pond in the vicinity of the NELHA facility 
was undertaken between 17 and 20 May 2012. Temperature and salinity 
measurements were taken and visual observations of organisms within each 
pond were supplemented by photographs and high-definition video. 
 
The results of the 2012 anchialine pond survey were consistent with previous 
surveys.  Based on the faunal census performed the anchialine ponds in the 
vicinity of the NELHA facility in which exotic fish were not present supported 
communities of abundant and diverse native organisms. Further, ponds with fish 
had clear water and were not overgrown by opportunistic algae. This may 
indicate that the Ǿpae óula were still active in the ponds at night to avoid predation 
by the introduced fish. 
 
There are six survey sites located along the NELHA coastline, containing three 
50 m transects at one of three depths, 15 ft., 30 ft., and 50 ft. representing three 
different habitat zones.  The benthic biota studies have shown a gradual increase 
in coral cover over time with Porites meandrina and Porities lobata always 
among the dominant species.  Data from the present study show a similar 
pattern.  
 
Over all coral cover across the six study sites in 2012 was 44%.  The two most 
dominant corals were Porities lobata (22.14%) and Pocillopora meandrina 
(8.86%) which were present on all transects.  Other corals present were 
Lepastrea purpurea, Montipora capitata, Montipora flabellata, Montipora patula, 
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Pavona varians, Pocillapora eydouxi, Pocillopora lingulata, Pocillopora 
meandrina, and Poritis compressa.  These corals accounted for approximately 
6% of the coral cover.   
 
The fish community was monitored at the same 6 sites as the benthic community 
but on 25 meter transects.  Historical results show a highly variable fish 
community from year to year.  Data from 2012 were significantly different than 
2010 data.  Some of that may be attributable to natural variation but much of it is 
likely due to a survey technique which will be modified in future surveys. 
 
 
The results of the anchialine pond biota, benthic biota and nearshore fish biota  
studies all support the conclusion that the habitats and communities adjacent to 
the NELHA facility are not impacted by human-mediated inputs.  
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ANCHIALINE POND SURVEY 

INTRODUCTION 

The anchialine habitat is characterized by land-locked brackish bodies of water 
influenced by input from terrestrial groundwater and tidal influx from the marine 
environment. Interest in this habitat, described by Holthuisô (1973), stemmed from 
observations of a group of shrimp species that shared red coloration and an apparent 
restriction to this habitat that is distributed globally throughout the tropics. Anchialine 
systems are reported from over 30 islands within in the Pacific Ocean, the Western 
Indian Ocean, on Ascension Island in the Atlantic Ocean, as well as inland sites in North 
America, Mesoamerica, and at Ras Muhammad in the Red Sea (Chace & Manning, 
1972; Holthuis, 1973; Maciolek, 1983; Iliffe, 1991; Hobbs, 1994; Brock & Bailey-Brock, 
1998). Anchialine systems are commonly found along the shoreline of West Hawaiói, but 
are also occur on Oóahu, Maui, Molokaói, and Kahoóolawe (Brock et al., 1987; Bailey-
Brock & Brock, 1993).  

The environmental conditions of anchialine systems often result in groups of native 
and/or endemic species (Peck, 1994). As elsewhere, the organisms found in the 
anchialine system throughout Hawaiói are uniquely suited to this habitat including plants, 
mollusks, arthropods, and other taxa. Table 1 summarizes the species previous 
reported from the ponds located near KeǕhole Point, Hawaiói. However, these sites are 
primarily distinguished by the presence of two decapod shrimp species Halocaridina 
rubra (óǾpae óula) and Metabetaeus lohena. Due to the critical role in the ecology of this 
unique habitat in Hawaiói, the fate of the habitat is intimately tied to that of Halocaridina 
rubra. 
ǽpae óula utilize the ponds to feed, but most of the reproduction and dispersal within 

the anchialine system occurs in the subterranean (hypogeal) portion of the habitat. 
Halocaridina rubra, through its grazing mode of feeding, maintains a standing crop of 
plants, bacteria, diatoms, and protozoans that prevents overgrowth by opportunistic 
algae (Bailey-Brock & Brock, 1993). This ógardeningô contributes to the overall health of 
the anchialine communities in Hawaiói allowing other species to exploit the sunlit 
(epigeal) portion of the habitat. This shrimp, therefore, plays the role of keystone 
species. However, the effect on and response of óǾpae óula to the introduction of exotic 
fish species into the anchialine habitat has been to either reduce their abundance 
through increased predation or to precipitate a shift in their foraging behavior (Capps et 
al., 2009) forcing them to be active at night. This has led to ponds in which exotic fish 
have become established being devoid of shrimp species during the day. 

Additionally, the coastal areas of Hawaiói in which anchialine systems are found have 
been the focus of development, which has led to efforts to conserve and manage these 
resources from possible anthropogenic impacts. Recent investigations using techniques 
to examine the DNA of this species has provided a better understanding of their 
population dynamics and contributed to effective planning and management of 
anchialine resources in Hawaiói. A study to elucidate the structure of Halocaridina rubra 
populations from the island of Hawaiói has shown there to be two distinct lineages on the  
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Table 1. List of species previously reported from anchialine ponds and 
surrounding areas adjacent to the NELHA facility (Compiled from Brock, 2008, 
and Ziemann & Conquest, 2008). 

 

 Taxon Common Name 

Anchialine ponds Cladophora sp. Algae 

 Enteromorpha sp. Algae 

 Rhizoclonium sp. Algae 

 Trichocorixa reticulata Algae 

 Lygnbya sp. Cyanophyte mat 

 Schizothrix clacicola Cyanophyte mat 

 Ruppia maratima Aquatic flowering plant 

 Halocaridina rubra ǽpae óula, shrimp 

 Metabataeus lohena Shrimp 

 Macrobrachium grandimanus ǽpae óoóhaóa, shrimp 

 Metopograspus messor Black rock crab 

 Graspsus tenuicrustatus Shore crab 

 Assemenia sp. Snail 

 Melania sp. Gastropod snail 

 Theodoxus cariosa Hihiwai, limpet 

 Oligochaeta sp.  

   

Terrestrial Bacopa sp. Pickleweed 

 Cladium sp. Sedge 

 Ipomoea pes-caprae PǾhuehue 

 Morinda citrifolia Noni 

 Pennisetum setaceum Fountain grass 

 Pluchea odorata Pluchea 

 Prosopis pallida Kiawe 

 Scaevola taccada Naupaka 

 Schinus terebinthifolius Christmas berry 

 Sesuvium portulacastrum óǔkulikuli 

   

Anchialine ponds, exotic Poecilia sp. Topminnows, mosquito fish 

 Palaemon debilis Glass shrimp, óǾpae 

 Macrobrachium lar Prawn 
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east and west coasts, and that within small geographic areas along each coast the 
populations are structured with low levels of gene flow (Santos, 2006). This suggests 
that monitoring of the anchialine ecosystem in Hawaiói should be center at local scales, 
i.e. at the level of ponds and pond complexes, as is the case at the NELHA facility at 
KeǕhole Point. While the pools offer windows into the cryptic habitat of Halocaridina 
rubra, generally, the two groups of ponds in the vicinity of the NELHA facility have been 
surveyed for more than 35 years (see Brock, 1995, 2002, 2008; Oceanic Institute, 1997, 
2007; Ziemann & Conquest, 2008; and included citations). Through the continuing 
monitoring program at these sites, a change in the community of organisms has been 
noted by surveys after 1989 with the endemic shrimp species becoming absent in a 
number of the ponds (Brock, 2008; and Ziemann & Conquest, 2008). This may be 
explained by the establishment of exotic, poecilid fish species in ponds south of the 
NELHA facility. The findings of the 2012 anchialine ponds survey as part of NELHAôs 
Comprehensive Environmental Monitoring Program (CEMP) are reported herein. 
 

METHODS 

The anchialine ponds in the vicinity of the NELHA facility form northern and southern 
complexes (Figure 1) consisting of five ponds in the North group and nine in the South 
group. The northern pond complex, ponds N -1 to N - 5, was roughly 100 m inland of 
the cobble beach at Hoona Bay (Figure 2), and the southern complex, ponds S ï 1 to S 
ï 9, were 200 ï 225 m from the shore at Wawaloli Beach Park adjacent to Makako Bay 
Drive (Figure 3). Table 2 details the location and size of each pond at the NELHA site. A 
Garmin hand-held GPS unit was used to record latitude and longitude coordinates for 
each pond. Pond size was calculated from measurements reported by Brock (2008); 
furthermore, pond dimensions and basin characteristics are included in Appendix 1.1 
(Brock, 2008 Table 1).  

As anchialine habitats are characterized by tidal influences, the water level and 
appearance of ponds varied with tide level. For instance, pond N ï 1 is substantially 
shallower with less surface area at low versus high tide (Figures 4A and 4B, 
respectively). The effect of tide level was also apparent in the group of pools N ï 2 
through N ï 5. At high tide the pools essentially form a single body of water (Figure 5, 
6A, and 7A) as the channels between them filled up. This was enhanced by the rock 
wall construction surrounding these ponds. However, the pools were discrete and 
separated at lower tidal levels (Figures 6B ï D, and 7B). The change is illustrated by the 
largest of these ponds (N ï 5) in Figures 7A and 7B (arrows included to mark point of 
reference). Observations of organisms within the ponds, then, were taken at tide levels 
below the daily maximum that provided sufficient water in order to sample each pond 
separately. While the water levels in the ponds in the southern complex (Figures 8 ï 10) 
were likewise affected by the tide level, the continuity of each pond remained 
unchanged in all but pond S ï 9. This pond is filled with water at ñexceptionallyò high 
tides (Brock, 2008), and was found dry during this survey. Sampling of the ponds was 
conducted at tidal levels ranging from +0.6 to +2.0 feet. 
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Figure 1. The study area included northern and southern anchialine pond 
complexes in the vicinity of the NELHA facilities (Inset highlights the study site on 
the west coast of Hawaiói, Map generated using Google Earth 6.2). 
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Figure 2. Locations of northern complex of anchialine ponds (N ï 1 through N ï 
5) inland of the cobble beach at Hoona Bay (Map generated using Google Earth 
6.2). 
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Figure 3. Locations of southern group of anchialine ponds adjacent to Wawaloli 
Beach Park (Map generated using Google Earth 6.2). 
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Table 2. Site locations and sizes anchialine ponds in the vicinity of the NELHA 
facility (*calculated from measurements reported in Brock (2008)). 

 
Pond 
No. 

Latitude 
(Degrees) 

Longitude 
(Degrees) Size (m²) * 

N-1 19.7313 -156.0568 93.0 

N-2 19.7314 -156.0566 1.0 

N-3 19.7315 -156.0566 22.5 

N-4 19.7316 -156.0566 4.0 

N-5 19.7315 -156.0567 22.5 

    

S-1 19.7168 -156.0490 1.68 

S-2 19.7167 -156.0489 1.0 

S-3 19.7168 -156.0487 1.0 

S-4 19.7168 -156.0487 0.01 

S-5 19.7168 -156.0487 5.0 

S-6 19.7169 -156.0482 0.01 

S-7 19.7166 -156.0481 1.4 

S-8 19.7165 -156.0481 1.0 

S-9 19.7168 -156.0481 0.01 
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Figure 4. Pond N ï 1 water levels at low (A, +0.7 ft.) and high (B, +2 ft.) tides. 
 

 
 

Figure 5. High tide (+2 ft.) at ponds N ï 2 through N ï 5 with inter-connecting 
channels filled. 
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Figure 6. Ponds N ï 2 through N ï 5 as one continuous pond at high tide (A, +2 
ft.), and separate ponds at lower tide levels (B ï D, +0.7 ft.). 

 

 
 

Figure 7. The change in water level at pond N ï 5 between high (A, +2 ft.) and 
lower tide levels (B, +0.7 ft.) with arrows marking point of reference.  






















































